The Helichrysum-Anaphalis-Pseudognaphalium (HAP) clade is a major component of the tribe Gnaphalieae (Compositae) and includes the genera Helichrysum, Anaphalis, Achyrocline and Pseudognaphalium. Allopolyploid origins for at least two clades within the HAP clade have previously been suggested, one involving the genus Anaphalis and the MediterraneanAsian Helichrysum species, and a second one involving part of Pseudognaphalium. In the present paper, with the use of two nuclear ribosomal and two plastid DNA markers and an extensive sampling of the HAP clade, further evidence relevant to the origin, composition and closest relatives of these clades is provided, and additional cases of incongruence are discussed. The superposition of distribution areas on the phylogeny suggests that the HAP clade originated in the Cape region of southern Africa and subsequently dispersed to and diversified in the Afromontane regions of east southern Africa, mainly the Drakensberg, before spreading northward and giving rise to several lineages in afromontane and afroalpine areas of central tropical Africa and in Madagascar. Allopolyploidy may have preceded the dispersal and diversification of the HAP lineage out of Africa to the Mediterranean area, and to the Americas and Asia. Finally, discussion on the distribution of several morphological characters in the phylogeny and their taxonomic relevance is also provided, with views on the need for a new generic delimitation.
INTRODUCTION
The use of multiple DNA regions in phylogenetic reconstructions often provides better resolved phylogenies than the use of only one marker, nuclear or plastid (e.g. Barres & al., 2013) . However, conflicting (incongruent) phylogenetic signals are sometimes recovered from different genes (or genomes, e.g. between nuclear and plastid loci; Pelser & al., 2010) . Combining incongruent data partitions into a single data matrix ignores the potential that incongruence results from different loci having different evolutionary histories, while separate analysis of incongruent data partitions may provide insight into the evolution of a group (e.g. Kim & Donoghue, 2008) . Incongruence between different loci is often interpreted as the result of independent sorting (or retention) of ancestral polymorphisms at different loci or as the result of hybridisation (Pelser & al., 2010 and references therein) .
Hybridisation between related species is known to be common in the evolution of plants. In some cases the hybrids produced can back-cross to the parental species, and occasionally allow gene flow between them (Marhold & al., 2002; Smissen & al., 2007; Conesa & al., 2010) . In other cases the hybrids produced give rise to novel lineages as a new species of hybrid origin. Homoploid hybrid speciation has been documented to occur in plants (Gross & Rieseberg, 2005; Howarth & Baum, 2005; Fjellheim & al., 2009) , although hybrid speciation has most commonly been studied in cases in which allopolyploidy is involved (Perný & al., 2005; Ma & al., 2010) . The importance of allopolyploidy in adaptive radiations in plants has been extensively documented (Grant, 1981; Barrier & al., 1999; Soltis & Soltis, 2000; Joly & al., 2009 ). Polyploid plants have been suggested to have broader ecological tolerances and lower rates of inbreeding depression (Soltis & Soltis, 2000) . Several studies have also shown that polyploids could be particularly advantageous in long-distance dispersal and establishment on oceanic islands (Barrier & al., 1999; Doyle & al., 2000 Doyle & al., , 2002 .
The tribe Gnaphalieae (Compositae) are an example of a group in which adding additional markers to phylogenetic analyses has not lead to convergence on a well resolved and supported phylogeny (Bayer & al., 2000 (Bayer & al., , 2002 Bergh & Linder, 2009; Ward & al., 2009; Galbany-Casals & al., 2010; Smissen & al., 2011) . Incongruence between plastid DNA (cpDNA) and nuclear ribosomal DNA (nrDNA) based phylogenies contributes to uncertainty in the estimation of phylogenetic relationships among Gnaphalieae species, although other challenges, such as uneven rates of nucleotide substitution among lineages and rapid radiation of the extant clades, have also played a role. Low copy nuclear gene phylogenies suggest that multiple clades within Gnaphalieae have allopolyploid origins (Smissen & al., 2011) .
Despite their limitations, phylogenetic studies of Gnaphalieae consistently recovered a basal divergence between a relatively small southern African "Relhania clade" (sensu Bergh & Linder, 2009; Ward & al., 2009; Smissen & al., 2011) or Relhaniinae s.str. (sensu Bayer & al., 2000) and most of the genera in the tribe. Within the main lineage of the tribe there is consistent evidence for a grade of southern African taxa at the base of the group and then a crown radiation including a mixture of African and non-African taxa (Bergh & Linder, 2009; Ward & al., 2009; Galbany-Casals & al., 2010; Smissen & al., 2011) . A large portion of the genus Helichrysum Mill. along with at least parts of the genera Achyrocline (Less.) DC., Anaphalis DC. and Pseudognaphalium Kirp. (HAP clade sensu Smissen & al., 2011) , has been consistently recovered as a clade within the crown radiation (Galbany-Casals & al., 2009a; Ward & al., 2009; Galbany-Casals & al., 2010; Smissen & al., 2011) . Its monophyly is 5 in future generic delimitation and infrageneric classification. For these reasons, we provide molecular phylogenies of the HAP clade based on nrDNA and cpDNA markers, and consider these results in the context of information on chromosome numbers, morphology and biogeography, with the following aims: (1) to expand the sampling of Helichrysum and provide a general phylogeny for this genus; (2) to test the monophyly of Achyrocline, Anaphalis and Pseudognaphalium, and examine their relationships to clades within Helichrysum; (3) to examine the congruence between nrDNA and cpDNA phylogenies in the light of hypothesised allopolyploidy within the HAP clade; and (4) to provide evidence on the biogeographic history of the HAP clade and the role of allopolyploidy in its dispersal out of Africa.
MATERIALS AND METHODS
Taxon sampling. -Sequences used in this work include both new sequences and previously published sequences. Voucher details for all samples are shown in Appendix 1 along with European Nucleotide Archive accession numbers. We have included 153 Helichrysum specimens representing 145 different species (24-29% of the genus), which include: 17 representatives of the previously identified Macaronesian-Mediterranean-Asian clade (Galbany-Casals & al., 2009a) ; four specimens belonging to the other three endemic species from Macaronesia (Helichrysum alucense García-Cas., S. Scholz & E. Hernández, Helichrysum monogynum B. L. Burtt & Sunding and Helichrysum nicolai N. Kilian, Galbany & Oberpr.) which constituted an independent Macaronesian clade in previous studies (Galbany-Casals & al., 2009a) ; 23 specimens from eastern Tropical Africa and the Arabian peninsula, representing wide morphological, biogeographical and ecological variation; 91 specimens from Southern Africa, representing 28 of the 30 informal infrageneric groups recognised by Hilliard (1983) ; and 18 specimens from Madagascar, representing six of the 11 informal infrageneric groups recognised by Humbert (1962) . We also included three Achyrocline species (9% of the genus), 10 Anaphalis specimens representing 7 different species (8% of the genus) and 12 Pseudognaphalium species (13% of the genus), plus the monotypic Malagasy genus Humeocline Anderb., which had never been included in any previous phylogeny. Langebergia canescens (DC.) Anderb. and Petalacte coronata (L.) D. Don have also been included, since these species appear as sister to the HAP clade (Bayer & al., 2000; Bergh & Linder, 2009; Ward & al., 2009) or closely related to the South African Helichrysum dasyanthum (Willd.) Sweet, which is placed outside the HAP clade (Bayer & al., 2000; Galbany-Casals & al., 2004; Ward & al., 2009 ). Finally, a selection of 17 species of other Gnaphalieae genera has been included based on previous phylogenetic results at the tribal level (Ward & al., 2009; Galbany-Casals & al., 2010; Smissen & al., 2011) . These include Helichrysum lanceolatum (Buchanan) Kirk from New Zealand, which is already known to be relatively distantly related to the HAP clade (Galbany-Casals & al., 2004; Ward & al., 2009; Smissen & al., 2011) , and is also misplaced in Ozothamnus (e.g., Anderberg, 1991; see Ward, 2009 ). In total, we have included in the analyses 199 ITS sequences, of which 108 are new; 199 ETS sequences, of which 156 are new; 178 rpl32-trnL sequences, of which 160 are new; and 178 ndhF sequences, of which 153 are new. The cpDNA sequences could not be obtained from several specimens (see Appendix for details).
DNA extraction.-Total genomic DNA was extracted following the CTAB method of Doyle & Dickson (1987) as modified by Cullings (1992) and Tel-Zur et al. (1999) from silicagel-dried leaves collected in the field or from herbarium material. In some cases NucleoSpin® Plant (Macherey-Nagel GmbH & Co. KG, Düren, Germany) or DNeasy extraction kits (Qiagen Inc., Hilden, Germany) were used, following the manufacturers' instructions. 7 fragment amplified by the Ast-1 and 18S-ETS primers (Markos & Baldwin, 2001) . The second nrDNA dataset -the HAP clade dataset-included taxa selected from results of the tribe nrDNA dataset analyses. It comprised all the species included in the HAP clade and used H. dasyanthum and Syncarpha mucronata (P. J. Bergius) B. Nord. as outgroup taxa. This dataset was composed of the ITS region and a longer portion of the ETS, which corresponds to the fragment amplified by the ETS1f (Linder & al., 2000) and 18S-ETS (Markos & Baldwin, 2001 ) primers, and provided better results in resolving phylogenetic relationships within the HAP clade due to the possibility of aligning a longer portion, and therefore analysing a larger number of characters from the ETS region.
Bayesian inference (BI) of phylogeny was conducted using MrBayes 3.1.2 (Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck, 2003) . The best-available model of molecular evolution required for Bayesian estimations of phylogeny was selected for each marker using the Akaike Information Criteria (AIC; Akaike, 1973) as implemented in the software jModelTest 0.0.1 (Guindon & Gascuel, 2003; Posada, 2008) . The best fitting model for each marker was used in each case for all analyses (see Table 1 ), and partitions were defined when necessary in combined analyses. For each dataset, two simultaneous and independent analyses of four Metropolis-coupled Markov chains were run for five million generations (see Table 1 ), starting from different random trees, and saving one out of every 200 generations. For all analyses, the variance of split frequencies was <0.01, which indicated convergence of chains. After checking the convergence diagnostic Potential Scale Reduction Factor (PSRF) in MrBayes, and the LnL values, the first 25% of the trees of each analysis were discarded (burn-in), which amply ensured the exclusion of trees that might have been sampled prior to the convergence of the Markov chains. A 50% majority-rule consensus tree was computed with MrBayes with the remaining trees. Posterior probability support (PP) was considered to be significant for nodes with PP ≥ 0.95. Bootstrap analyses (Felsenstein, 1985) were performed with PAUP* v.4.0b10 (Swofford, 2002) with 1000 replicates, random taxon addition with 20 replicates, and no branch swapping. Bootstrap support (BS) values are shown for nodes with BS ≥ 70%.
Mapping of distribution areas, chromosome numbers and morphological characters. -Geographic area, ploidy level and some morphological characters relevant for generic delimitation were mapped for each species of the HAP clade on the nrDNA phylogenetic tree. Distribution areas of all species included were compiled from Reiche (1903) , Kirpicznikov (1959 ), Humbert (1962 , Davis & Kupicha (1975) , Hilliard (1983) , Anderberg (1991 ), Mesfin Tadesse & Rielly (1995 ), Wood (1997 , Bentjee (2002 ), Nesom (2006a and Galbany-Casals & al. (2006, and unpublished data) . From this information, 14 geographic areas were defined (Fig. 1) , in an attempt to reflect the main distribution patterns observed for the sampled species of the HAP clade. Mediterranean, Macaronesian and IranoTuranian Regions approximately correspond to those described by Takhtajan (1986) . For Africa, some of the geographic areas defined approximately correspond to phytogeographical regions shown in Burgoyne & al. (2005) , although the Afromontane and Afroalpine Region has been divided into three regions: Afroalpine Region of Central East Africa, Tropical Africa Afromontane Region and Southern Africa Afromontane and Afroalpine Region, and Madagascar has been considered a unique region. Chromosome numbers were retrieved from the "Index to chromosome numbers in Compositae" website (http://www.lib.kobeu.ac.jp/infolib/meta_pub/CsvDefault.exe), Nesom (2006a, b) , Galbany-Casals & al. (2009b) and Meng & al. (2010) , and are compiled in Table S1 . Relevant morphological characters for generic delimitation of members of the HAP clade were selected based on Hilliard & Burtt (1981) , Hilliard (1983) and Anderberg (1991) and those are number of florets per capitulum, capitula sex ratio, type of receptacle and type of pappus. Character states for each species were compiled from Humbert (1962), Hilliard (1983 ), Mesfin Tadesse & Rielly (1995 The cpDNA tree showed less resolution than that obtained from the nrDNA markers, and the tree topology differed considerably (Figs. 3A and 3B ). The only well-supported clades (i.e., PP ≥ 0.95 and/or BS ≥ 75%) that were congruent as regards their composition, i.e. they contained exactly the same members in both the nrDNA and cpDNA trees, were clades A5, A6, B1, B1.1, B2, D2, and the clades containing Helichrysum ephelos Hilliard with Helichrysum glomeratum Klatt, and Helichrysum crispum (L.) D. Don with Helichrysum indicum (L.) Grierson, although their position or closest relatives differed. Clades D5, F, N and O were also recovered in the cpDNA tree, but did not contain all the species that were contained by the equivalent clade in the nrDNA tree. Many species presented an incongruent position between the nrDNA and the cpDNA trees, and this is reported in detail in Table 2 .
The details of the incongruities between the nrDNA and the cpDNA trees are difficult to summarise, given the different levels of resolution and the different composition of clades in both trees. However, the main differences between the tree topologies are that members of clade A (PP = 0.99) in the nrDNA tree (Fig. 3A) appear scattered in clades 1, 2, 3, 4, 5 and 6 in the cpDNA tree (Fig. 3B) , and one species, Helichrysum transmontanum Hilliard, is not included in any of the supported clades. Similarly, members of clade B in the nrDNA tree ( Fig. 3A ) appear scattered in clades 2 and 4 in the cpDNA tree (Fig. 3B ).
DISCUSSION
Incongruities between cpDNA and nrDNA, and allopolyploidy as a potential force for dispersal and diversification in the HAP clade. -Incongruence between cpDNA and nrDNA markers has been previously reported for several genera of tribe Gnaphalieae (Galbany-Casals & al., 2010; Smissen & Breitwieser, 2008; Smissen & al., 2004 Smissen & al., , 2011 and has largely been interpreted in those studies as evidence of past or present hybridisation events rather than sorting or retention of ancestral polymorphisms. For some particular clades, and with the additional evidence from low copy markers and chromosome data, an allopolyploid origin has been hypothesised (Smissen & al., 2011) . The data presented here are generally consistent with an allopolyploid origin of some clades within the HAP clade, although the scenarios presented by Smissen & al. (2011) are insufficient to explain the phylogenetic incongruence observed with our increased taxa sampling.
One case involves Pseudognaphalium. In our nrDNA tree ( Fig. 3A ) the sampled members of this genus are distributed in two clades, with a non-supported sister relationship to each other: clade A3 comprises P. oligandrum, an African species of unknown chromosome number, sister to all sampled species from North America; and clade A4 comprises the subcosmopolitan P. luteoalbum sister to the two South American species sampled. In the cpDNA (Fig. 3B ) all species from the Americas form a distinct clade nested in a larger clade which also includes the Macaronesian H. nicolai, the subcosmopolitan P. luteoalbum, and the African Helichrysum psilolepis Harv. and Helichrysum basalticum Hilliard. Pseudognaphalium oligandrum is placed in a different clade (clade 4) together with some African species of Helichrysum and two Anaphalis species. Based on very limited taxon sampling, Smissen & al. (2011) suggested an allopolypoloid origin for part of Pseudognaphalium with parents from within diploid Helichrysum. Considering the additional taxon sampling for nrDNA and cpDNA reported here, along with that reported by Nie & al. (2013) , it seems likely that more complex scenarios are required to explain the distribution of sequences among these species. Sequencing of the low copy number nuclear DNA regions used by Smissen & al. (2011) for more species of Pseudognaphalium and associated species of Helichrysum (particularly, but not limited to clade A) may help unravel this history.
Another group of putative allopolyploid origin is clade B from the nrDNA tree ( Fig.  3A ) which includes all Mediterranean and Asian Helichrysum species as well as some from Macaronesia (clade B1), and all Anaphalis species sampled (clades B2 and B3). Clade B1 had been identified in previous work (Galbany-Casals & al., 2004) and relationships within this group were described by Galbany-Casals & al. (2009a) . In their molecular phylogeny of Anaphalis based on nrDNA markers, Nie & al. (2013) also obtained the same relationships among Anaphalis and the Macaronesian-Mediterranean-Asian Helichrysum clade, although in their analysis the monophyly of Anaphalis was not statistically supported. The two clades we recovered within Anaphalis (Fig. 3A, B2 and B3) agree with two clades shown by Nie & al. (2013) and called by them the "non decurrent" and the "decurrent" clades.
The species of Helichrysum from nrDNA clade B1 and those of Anaphalis from nrDNA clade B2 (Fig. 3A ) occur in cpDNA clade 2 (Fig. 3B) , along with several other Helichrysum species from the distantly related clade N in the nrDNA tree. Anaphalis species from nrDNA clade B3 (Fig. 3A ) appear in cpDNA clade 4 (Fig. 3B) , along with several species of Helichrysum from multiple nrDNA clades. Smissen & al. (2011) hypothesised that Anaphalis and the Mediterranean-Asian Helichrysum had a common allopolyploid origin with possible parental species shared (Smissen & al., 2011) on the basis of low copy number nuclear gene trees. However, Anaphalis was represented in their study only by a single species, A. margaritacea. The existence of two Anaphalis clades in the nrDNA analyses in the present work, and the incongruent position of one of them in the cpDNA analyses, suggest that this genus could have had two or more independent allopolyploid origins or at least evolved from a polymorphic polyploid ancestral complex. Although the exact number of allopolyploidy events that would have led to clade B1 and Anaphalis is not certain with the present data, some hypotheses can be presented about possible parental species involved. The close relationship of Helichrysum arwae J. R. I. Wood, Helichrysum citrispinum Del. and Helichrysum gofense Cufod., from tropical Africa and Yemen, with members of clades B1 and B2 in the cpDNA tree ( Fig. 3B , clade N) could implicate them as possible species (or descendants of species) involved in the origin of clade B members. Other species involved in the hypothesised allopolyploidy events could have been Helichrysum splendidum (Thunb.) Less., placed in clade C in the nrDNA tree ( Fig. 3A) and sister to clade A + B although without statistical support, and a member of clade 4 together with part of Anaphalis in the cpDNA tree ( Fig. 3B ), or some species of clade A1, which are also related to clade B in the nrDNA (Fig. 3A) -although without statistical support-and are members of clade 4 with part of Anaphalis in the cpDNA tree (Fig. 3B ). All species of Anaphalis and clade B1 for which the chromosome number is known are at least tetraploid, and some of them are hexaploid or octoploid ( Fig. 4 and Table S1), whereas H. splendidum is a diploid as are some members of clade A1 (Fig. 4 and Table S1 ). Unfortunately, chromosome numbers of H. arwae, H. citrispinum and H. gofense are unknown. Given the current distribution area of these species, the Anaphalis and B1 lineages might have originated in east tropical Africa. The ancestors of clade B1 could have dispersed and diversified in the Macaronesian and the Mediterranean areas, and later dispersed to Asia through the Irano-Turanian Region up to the Pamir and Tien Shan Central Asian mountains, as was described in detail in Galbany-Casals & al. (2009a) , while possibly one or two additional new lineages, constituting Anaphalis, would have dispersed to Asia independently. The present distribution area of Anaphalis in Asia seems to indicate that the colonisation of Asia would have followed a migration route from east Africa, it would have radiated in the Himalayan range, east Asia, and would later have reached North America, where only A. margaritacea is currently present, across the Bering Strait. Similar migration routes through Asia and America have been proposed for Datisca L. (Datiscaceae: Liston & al., 1992) , the tribe Betoideae (Amaranthaceae: Hohmann & al., 2006) and Plectocephalus D. Don (Compositae, Cardueae: Susanna & al., 2011 (Fig. 3B) . Although the chromosome number of H. nicolai is unknown, this incongruence could suggest a possible hybrid origin for this species. The facts that it shares with P. luteoalbum a higher number of pistillate than hermaphroditic florets in the capitula (Fig. 4) , and that it is closely related to this species in the cpDNA tree, could point at this species as a possible parent. It is also interesting that they both grow together in the only known locality of H. nicolai (M. Galbany-Casals, pers. obs.). The fact that H. monogynum is reported to be tetraploid or hexaploid (Fig. 4 and Table S1 ) could imply either that this species, and possibly also H. alucense, could have also been originated by allopolyploidy, or alternatively that H. nicolai would be of homoploid hybrid origin, although the present data are not conclusive.
In the present work, many other cases of incongruence have been detected between nrDNA and cpDNA trees (Figs. 3A and 3B and Table 2 ). However, for most of them chromosome numbers, their closest relatives and other relevant information are missing. Therefore, any explanation of the incongruities would be speculative and the possibility that they result from retention or sorting of ancestral polymorphisms cannot be excluded.
Finally, in the nrDNA tree Achyrocline satureioides (Lam.) DC. and Achyrocline alata DC., both endemic to South America, constitute a highly supported clade, which is part of a larger clade that includes Achyrocline stenoptera (DC.) Hilliard & B. L. Burtt from the Arabian Peninsula, tropical and southern Africa, and the African H. odoratissimum and H. epapposum (Figs. 3A and 4, clade D3) . Achyrocline satureioides is reported to be tetraploid ( Fig. 4 and Table S1), and the closely related H. odoratissimum is reported to have different chromosome numbers, from diploid to hexaploid (2n = 42). Although evidence is scarce at the moment, these data could also be interpreted as suggesting a possible polyploid origin of Achyrocline in Africa, and a subsequent dispersal to the New World. However, given that Achyrocline and its closest relatives do not have an incongruent position in the cpDNA tree, there is no evidence of allopolyploidy in this case. It would be interesting to see if all the South American species have a common origin, especially after Hilliard & Burtt's (1981) observations on the diversity of habit and leaf form among the species of Achyrocline, and the similarity of several African-South American species pairs in relation to these characters. For example, the African A. stenoptera was said to be morphologically similar to the South American A. alata (Hilliard & Burtt, 1981) and they are both placed in clade D3 (Fig. 4) . The absence of the genus in Asia might suggest a long-distance dispersal event from Africa to South America, where most of the species of the genus are found. However, any hypothesis would be speculative at the moment, especially taking into consideration Anderberg's (1991) comments on the morphological similarities of some South American Achryrocline and Pseudognaphalium species, suggesting a possible close relationship among them. The addition of other American Pseudognaphalium and Achyrocline species in future work could provide alternative hypotheses for the colonisation of the New World by both genera.
Biogeographic patterns.-The superposition of distribution areas on the phylogeny (Fig. 4) suggests that the HAP clade could have originated in the Cape region of southern Africa and then dispersed to the Afromontane regions of east southern Africa, mainly the Drakensberg, where it would have diversified considerably. From east southern Africa, several independent lineages then spread northwards, and gave rise to the species of the afromontane and afroalpine areas of central tropical Africa. This pattern parallels that found for Disa Bergius (Orchidaceae) and tribe Irideae of Iridaceae (Galley & al., 2007) . Other groups such as Restionaceae, Pentaschistis (Nees) Spach (Poaceae), and Euryops (Cass.) Cass. (Compositae) have also been found to have a Cape origin followed by northward migration to central Africa's montane areas, although with absence of local diversification in the Drakensberg (Galley & al., 2007; Devos & al., 2010) . Helichrysum has also dispersed to Madagascar, an island which seems to have been colonised by the genus at least five times independently (Fig. 4) . Our present data suggest that several lineages would have originated in eastern tropical Africa and would have dispersed out of Africa and diversified elsewhere. The Mediterranean region would have been colonised once by members of clade B1.1 and B1.2; the Macaronesian region would have been colonised at least twice by members of clades B1.3 and E; the Asian continent would have been colonised two or three times by members of clades B1.1, B2 and B3; and the New World would have been colonised at least two or three times by members of clades A3, A4 and D3. If our hypotheses of allopolyploid origins for all these clades are proven, this would imply that allopolyploidy would have preceded most of the dispersal events and further diversification of the HAP clade out of Africa. Several studies have previously suggested that polyploids could be particularly advantageous in long-distance dispersal and establishment on oceanic islands (Barrier & al., 1999; Doyle & al., 2000 Doyle & al., , 2002 . Although it is clear that Achyrocline, Anaphalis and Pseudognaphalium are nested within the currently broadly defined Helichrysum, further work, including more comprehensive sampling of at least Achyrocline and Pseudognaphalium is needed to better understand the complexity of their origin, dispersal and diversification.
Morphological patterns and generic delimitation.-The fact that Achyrocline, Anaphalis and Pseudognaphalium are nested within Helichrysum, therefore rendering it paraphyletic, presents the classic dilemma of phylogenetic systematics: Helichrysum can be split so as to render it, and the genera nested within it, reciprocally monophyletic, or the genera can be lumped to avoid paraphyly. Transferring all species of Achyrocline, Anaphalis and Pseudognaphalium to Helichrysum would certainly overcome the paraphyly of the current classification. However, this would involve numerous new nomenclatural combinations and would add about 230 species to the genus, making it even larger and less wieldy. Application of this lumping approach across the whole tribe might ultimately render its species classified in very few large genera, reversing the trend of recent decades towards the splitting of large heterogenous genera (see Ward & al., 2009) .
Alternatively, splitting Helichrysum into demonstrably monophyletic genera based on current understanding of phylogenetic relationships would require the introduction of numerous small (or monotypic) genera often lacking clear morphological synapomorphies. However, for those content to accept some paraphyletic genera (e.g. Hörandl & Stuessy, 2010) if only as an interim measure (e.g. Entwisle & Weston, 2005) , opportunities remain to reclassify so as to better reflect phylogenetic relationships than the status quo does. As also discussed by Smissen & al. (2011) for the case of Gnaphalieae, since reticulate relationships among genera and species cannot be represented by a dichotomizing tree, in such cases, paraphyletic groups might be considered a necessary expedience. Leaving Helichrysum paraphyletic and retaining all or some of the other traditionally recognised genera might be justified by the hypotheses that Achyrocline, Anaphalis and Pseudognaphalium have allopolyploid origins, by their distinguishable morphology, and by remaining uncertainties as to phylogenetic relationships, both in the HAP clade and in the tribe at large. However, this raises other questions. For example, the circumscription of Pseudognaphalium and Anaphalis is debatable since their monophyly as currently recognised is not certain. Furthermore, it is not clear if P. luteoalbum and P. oligandrum are part of a distinct clade corresponding with Pseudognaphalium, or part of a group within Helichrysum that provided one parent of an allopolyploid Pseudognaphalium. If so, these species should be recognised in Helichrysum, while the remainder of Pseudognaphalium is retained at least in the short term.
Moreover, maintaining Achyrocline, Anaphalis and Pseudognaphalium because of their hypothesised hybrid origins would also favour the description of new genera to Ward & al., 2009) , but given the current lack of phylogenetic resolution among many of the species, much further work would be required before new genera could be proposed as monophyletic. Given the uncertainty and complexity of phylogenetic relationships within the HAP clade suggested by DNA sequence data, morphological characters need to be given particular attention. Hilliard & Burtt (1981) discussed anomalies shown by several species of African Helichrysum in their stereome, sex ratio, receptacle structure, and pappus morphology, and those are discussed here on the basis of the nrDNA tree (Fig. 4) and in relation to the other genera involved.
Division of the stereome seems to be a very constant character within the HAP clade. Among all species recovered within this clade, the only one with an undivided stereome is P. oligandrum, while all other species have a fenestrated stereome (Hilliard, 1983; Anderberg, 1991) . Hilliard & Burtt (1981) commented on some aberrant Helichrysum with undivided stereomes, which have in common several other morphological features, i.e. similar habit and capitulum morphology. Among those, H. dasyanthum is the only species represented in the present work and is excluded from the HAP clade ( Figs. 2A and 2B ). In the nrDNA tree ( Fig.  2A) this species is placed in a clade along with P. coronata and L. canescens, a clade already obtained by Bayer & al. (2000) with cpDNA markers, although these authors also recovered Anaxeton Gaertn., Syncarpha,Anderbergia B. Nord. and Helichrysum cylindriflorum (L.) Hilliard & B. L. Burtt in the same clade. All these taxa have been reported to have an undivided stereome as well (Hilliard, 1983; Anderberg, 1991) , except for H. cylindriflorum, for which there is no mention about the stereome (Hilliard, 1983) , and Syncarpha, that is variable for this character (Anderberg, 1991) . With the present data this feature seems to be diagnostic for the HAP clade, although future studies should consider other Helichrysum species with undivided stereomes, together with a more comprehensive sampling of Anaxeton and Syncarpha.
Characters related to capitulum sex ratio show interesting patterns in the phylogenies. Anaphalis is readily recognised by an exclusive feature within the HAP clade, which is subdioecy. This seems to support the possible monophyly of the genus, in agreement with the nrDNA tree (Fig. 3A) , but not supported by the cpDNA tree, as discussed above (Fig. 3B) .
Another diagnostic character for generic delimitation in the HAP clade is capitulum sex ratio in combination with the number of florets per capitulum. Capitula with pistillate florets outnumbering hermaphroditic florets are diagnostic of Achyrocline and Pseudognaphalium, and these two genera are distinguished from each other by the number of florets per capitula: while Achyrocline is said to have less than 20 florets per capitulum, Pseudognaphalium has larger capitula with more numerous florets. Although numerous Helichrysum species have few-flowered capitula with less than 20 florets, and others have capitula with more pistillate than hermaphroditic florets, these two character states are scattered across several clades in the nrDNA tree and not correlated (Fig. 4) . In our analyses, A. satureioides and A. alata constitute a highly supported clade, which is part of a larger clade (Fig. 4, D3 ) that includes A. stenoptera. Thus, although these results do not provide support for the monophyly of Achryrocline, they are consistent with it. Also, these three species are grouped with high support with some members of Helichrysum that have several morphological characters in common with them. Both H. epapposum and H. odoratissimum have very small and narrowly cylindrical capitula, which are densely congested in cymose clusters which are secondarily arranged in corymbose synflorescences. Hilliard & Burtt (1981) The Pseudognaphalium clade shows another almost exclusive combination of character states, big capitula with more than 40 florets with pistillate florets outnumbering hermaphroditic florets. With our present sampling, only H. basalticum, placed also within clade A and close to Pseudognaphalium, has this character state combination. The circumscription of Pseudognaphalium remains debatable, in particular whether P. luteoalbum should be included in Pseudognaphalium or in Helichrysum (e.g., Galbany-Casals & al., 2004) , or should be treated as Laphangium (Hilliard & B. L. Burtt) Tzvelev (Greuter, 2005 --2007 . Hilliard & Burtt (1981) placed this species in Pseudognaphalium subgenus Laphangium recognising it as distinct from most other members of the genus in having cymose rather than corymbose synflorescences, and urceolate rather than campanulate capitula. However, the same authors recognised that these features are found elsewhere in Helichrysum.
The presence of fimbrilliferous receptacles seems to be a defining character shared by most members of the clades where the character appears (i.e., D, E1 and J, Fig. 4) . Although some species of these clades have receptacles flat or honeycombed, and fimbrils also appear in other species scattered across other clades, our results suggest that more complete and detailed analyses could show this character as diagnostic of some infrageneric groups, possibly correlated with other morphological characters that need to be explored. In contrast, our results are not conclusive as regards the presence of paleae in the receptacle. Helichrysum paleatum Hilliard, Helichrysum platypterum DC. and Helichrysum argyrophyllum DC. have paleate receptacles and, although they are not grouped together in the nrDNA tree (Fig. 3A) , the tree does not contradict a possible common origin of this feature due to lack of resolution. Helichrysum platypterum and H. argyrophyllum are both in clade 3 in the cpDNA tree (Fig.  3B) , while H. paleatum was not included.
Pappus morphology is variable in Helichrysum. Most species have a uniseriate pappus with scabrid, barbellate or subplumose setae (Hilliard & Burtt, 1981) but several species have a reduced pappus, composed of a small number of short bristles, while others have no pappus at all. The fact that these species appear scattered across several clades in the nrDNA tree (Fig. 4) , and that they are sometimes closely related to other species with a normally developed pappus, suggests that this structure could have been lost independently several times. One of the species without pappus is Humeocline madagascariensis (Humbert) Anderb. This monotypic genus was described by Anderberg (1991) based on Humea madagascariensis Humbert. Despite the close relationship to species with capitula grouped in corymbose synflorescences and with fimbrilliferous receptacle, this species has a particular morphology: the synflorescence has a generally pyramidal shape, with capitula arranged in axillary and terminal spiciform glomerules, and the receptacle is very narrow and naked. Another member of the same clade is Helichrysum manopappoides Humbert, which has in common with Humeocline homogamous capitula and an anomalous pappus.
Three of the sampled species in the present study have a biseriate pappus and constitute a highly supported clade (Fig. 4 , part of clade P). Helichrysum spiralepis Hilliard & B. L. Burtt and H. litorale H. Bol. were members of Leontonyx Cass., characterized by a biseriate pappus, but that genus was synonymised with Helichrysum by Hilliard & Burtt (1981) . Helichrysum zwartbergense H. Bol., although it has never been included in Leontonyx, also has a biseriate pappus and is closely related to members of the old genus Leontonyx in the phylogeny. These three species have also in common that their capitula are composed of four series of involucral bracts, soon caducous, the two outer series being shorter and webbed in a dense tomentum together with the surrounding leaves, whereas the two inner series equal the florets in length, and the three species have an unusual chromosome number in the HAP clade, 2n = 8. Future studies including other morphologically very similar species that have a uniseriate pappus (cf. Hilliard, 1983) would be necessary to show the value of this character in the establishment of generic or infrageneric groups.
Conclusions.-Although some trends are detected in the distribution of morphological traits in the phylogeny, Helichrysum shows much more morphological variation than any of the segregated hypothesised allopolyploid genera, and the diagnostic characters of these genera are not always exclusive of them, but also present in some species of Helichrysum. The information currently available is still incomplete as regards species and markers sampled, and chromosome number. Helichrysum is only represented by about one fourth of its species; and Achyrocline and Pseudognaphalium are also underrepresented. Although the HAP clade is well defined and highly supported, the complexity of phylogenetic relationships and morphological variation among its species implies that a decision on generic delimitation would be premature with the present data. However, current evidence suggests the following incremental steps toward a satisfactory generic delimitation of the group: 1. Accept a paraphyletic Helichrysum but transfer the species outside the HAP clade -the New Zealand species (Ward & al., in progress) and some South African species -to other, possibly new genera; 2. Retain Achyrocline, Anaphalis and Pseudognaphalium pending possible further splitting of each when it is demonstrated that they have had multiple origins; and 3. Segregate the other allopolyploid clades from Helichrysum once more evidence is provided about their origin and circumscription. This includes the Mediterranean-Asian clade and possibly others, and could involve the proposal of a new type for the genus. Finally, splitting the remaining diploid Helichrysum into numerous smaller genera would probably be necessary to arrange the morphological diversity involved once this has been explored more deeply.
Although nrDNA regions have proved useful in delimiting some clades, they present problems in phylogenetic reconstructions when allopolyploidy is involved. When multiple divergent copies of the nrDNA repeat are present in the genome, concerted evolution could result in the exclusive presence of one type, or the emergence of a recombinant form, or the coexistence of multiple copies (Álvarez & Wendel, 2003) . Also, levels of variation in cpDNA are low and relationships are not well resolved, but the addition of more cpDNA markers has been shown to be of limited value (Smissen & al., 2011) . In addition, lineage sorting could be influencing the results we present here, which up to now have been mostly interpreted or discussed as resulting from hybridisation. Available data on low copy DNA markers (Smissen & al., 2011) showed more structure in the phylogenies obtained. Future phylogenetic work on the HAP clade might use low copy DNA markers in addition to nrDNA and cpDNA markers for a better sample of the whole lineage, to provide more solid hypotheses about their origins and phylogenetic relationships.
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